Introduction
Extracapsular spread (ECS) occurs when metastatic tumor cells within a lymph node breech the lymph node capsule. In patients with squamous cell carcinoma of the head and neck (HNSCC), the presence of ECS in metastatic cervical lymph nodes portends a poor prognosis. When histopathological ECS is identified, the 5-year mortality rate is reduced to 27%, compared to 70% when ECS is absent. 1 ECS is correlated with increased rates of recurrence, contralateral recurrence, occurrence in unusual sites, and distant metastasis. [2] [3] [4] [5] [6] ECS is identified in up to 50% of neck dissection specimens and in approximately 20% of patients with HNSCC who have clinically negative neck examinations. 7 The current standard for the identification of ECS in patients with HNSCC is histopathological examination of neck dissection specimens. The extent of ECS by histopathological assessment, whether greater or less than 2 mm, does not have a significant impact on patient outcomes. 8, 9 The 2016 National Comprehensive Cancer Network head and neck cancer guidelines include computed tomography (CT) and/or magnetic resonance imaging (MRI) for initial diagnostic imaging in head and neck cancer. 10 CT has been found to be slightly better than MRI for neck staging purposes in head and neck Departments of Radiology and Pathology, University of Missouri Columbia School of Medicine, USA cancers. 11 When cervical metastasis is suspected due to physical examination or imaging findings, patients often undergo primary tumor excision as well as neck dissection. The specific type of neck dissection, whether comprehensive, selective, or elective, and the laterality of dissection, is largely dependent on preoperative imaging, as well as the primary echelon drainage pathway of the tumor. Decisions regarding dissection approach are multidisciplinary involving surgery, radiation oncology, medical oncology, radiology, and the patient or their representative. Following excision, adjuvant chemoradiation therapy has been shown to improve overall survival compared to adjuvant radiation alone for patients with HNSCC and ECS identified in neck dissection specimens. 12 Preoperative awareness of disease extent, including ECS status, could allow us to determine candidacy for definitive chemoradiotherapy or surgery.
Evidence for the diagnostic accuracy of imaging for ECS continues to develop. Recent studies have demonstrated a range of sensitivities between 49% and 91% and specificities from 50% to greater than 90%. [13] [14] [15] [16] [17] [18] [19] [20] [21] These wide-ranging results represent the variable criteria and approaches utilized for radiological assessment for ECS in the HNSCC metastatic cervical nodes. Our objectives were to perform a retrospective observational study to determine the sensitivity and specificity of CT, and the utility of employing imaging criteria on CT to identify ECS of cervical lymph node metastases from HNSCC.
Materials and methods

Data collection
The internal review board approved this study and granted exemption from informed consent. Records of every neck dissection performed at our tertiary center were obtained between 2007 and 2015 by reviewing billing records for neck dissections. The patient charts for each neck dissection were reviewed in reverse chronology and a list of subjects was generated that met our inclusion criteria and exclusion criteria. Inclusion criteria were that patients had primary non-recurrent HNSCC with cervical node metastases identified by histopathological examination of neck dissection specimens. Also, patients must have had an intravenous contrast CT of the neck performed within 8 weeks of neck dissection. Exclusion criteria were that subjects could have no prior history of neck surgery at the site of dissection, no prior history of head or neck radiation, and no prior history of chemotherapy. Contrast-enhanced CT images were archived in the University of Missouri picture archiving and communication system (PACS). Histopathological examinations of neck dissection specimens were performed by board-certified University of Missouri pathologists. The clinical data were obtained from patients' electronic records. Data reviewed and collected included patient demographics, medical history, imaging reports, intraoperative findings, tumor board discussions, and pathology reports.
Imaging methods
Patients underwent imaging on one of several commercially available CT systems with multidetector capability. Onsite imaging CT studies were performed on a Somatom Definition 64-slice dual source (Siemens, Erlangen, Germany). Our split-bolus technique used a total of 100 mL of intravenous Visipaque (iodixanol injection 320 mg/ml; GE Healthcare Inc., Princeton, NJ, USA) injected at a rate of 2.5-3 cc/second, followed by a 30-second delay. Injection protocol included a precontrast and postcontrast saline bolus of 20 cc and 30 cc, respectively, at a rate of 2.5 cc/second. We acquired contiguous axial images from the external auditory meatus to the top of the aortic arch with the following settings: section thickness, 3 mm; collimation, 0.6 mm; pitch, 0.8:1; gantry rotation time, 1 second; field of vision, 25 cm; 120 kVP. Reformatted images with 3-mm section thicknesses in the axial planes and 3-mm sagittal and coronal reformations were sent to a PACS.
Imaging review
Two neuroradiologists specialized in head and neck imaging, both with more than 5 years of post-fellowship experience, assessed for overall ECS assessment and the presence or absence of five ECS imaging criteria. ECS imaging criteria included irregular nodal enhancement, infiltration into adjacent tissues, indistinct nodal margins, matted nodes, and central necrosis. Matted nodes was assessed when three abutting nodes had lost the intervening fat plane, presumably to have been replaced by ECS. Our observers assessed every conspicuous node using the above criteria, irrespective of node size. The list of CT studies for review were randomly assigned by date and provided to the observers. Observers separately reviewed the intravenous contrast-enhanced CT study most recent to the subject's neck dissection date and provided individual impressions. Observers were aware that all subjects had at least one node positive for metastatic disease, but the observers were blinded to ECS status.
Statistical analysis
The statistical methods used include estimates of proportions for individual and consensus sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy with exact confidence intervals used due to small sample sizes. Cohen weighted kappa statistics were calculated for evaluating interobserver agreement. Chi-square tests were used to examine the relationship between ECS criteria and histopathological ECS. The statistical software SAS version 9 (SAS Institute Inc., Cary, NC, USA) was used for analysis.
Results
Intravenous contrast-enhanced neck CT images of 93 patients with metastatic HNSCC were reviewed separately by the two observers. Table 1 represents patient demographics, primary tumor sites, dissection laterality, and histopathology stage. Fifty-six cases had ECS identified during histopathological examination of neck dissection specimens, equating to 60% ECS for our sample of HNSCC patients. The average age of the patient population was 61 years. Most patients were white men and most patients had a history of alcohol and tobacco use. The majority of specimens were of unilateral neck dissections, while 26 were bilateral.
Less than five of the dissections were comprehensive. There was a variety of primary tumor sites for the squamous cell carcinoma, with primary tumor sites at the oral cavity, oropharyngeal, and laryngeal representing the majority of cases. Over half of the oropharyngeal carcinomas were human papilloma virus positive. Tumor stages were widely variable as well. Table 2 shows the individual and consensus sensitivities, specificities, PPV, NPV, and accuracy of overall ECS assessment and for when three or more imaging criteria were identified. Observer 1 assessed 30 of 37 histopathological negative cases correctly, and 32 of 56 histopathological positive cases correctly. Observer 2 assessed correctly 28 of 37 histopathological negative cases, and assessed 37 of 56 positive cases correctly. Observer 1 identified three or more imaging criteria in 27 cases, and 23 of those 27 cases were ECS positive per histopathology report. Observer 2 identified the presence of three or more imaging criteria in 35 cases, 30 of which were ECS positive per histopathology report. The consensus assessment represents only the cases in which both radiologists agreed. Consensus agreement occurred in 80% of the cases, 74 out of 93. Consensus slightly improved accuracy. Figure 1 represents CT images reviewed by observers and addresses their assessments in correlation with ECS status according to histopathological evaluation.
Interobserver agreement regarding overall assessment and individual imaging criteria is represented in Table 3 , in which Cohen's kappa was used to measure agreement between the two observers. Interobserver agreement for overall ECS assessment was moderate with a kappa of 0.59. Central necrosis had the highest agreement of the imaging criteria, with a kappa of 0.74, while the other imaging criteria had moderate agreement at best. Tables 4 and 5 show the sensitivities and specificities of each individual criterion for identifying ECS alone, and none of the individual criteria had substantial accuracy independently.
Discussion
The presence of ECS in HNSCC metastatic cervical nodes has a dramatic impact on patient outcomes and management. Currently, the ECS status in patients with metastatic HNSCC is determined postoperatively by 
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The Neuroradiology Journal 30 (3) histopathological evaluation of neck dissection specimens. The objective of this study was to assess the sensitivity and specificity of preoperative CT for ECS in cervical nodes with metastatic HNSCC. Sensitivity and specificity were determined by correlating radiological assessments of overall ECS status with histopathological findings. Radiological assessments of CT images were performed separately by two neuroradiologists. Our observers had around 80% specificity for overall assessment of ECS, with sensitivities around 60%. Consensus agreement was effective for improving accuracy, and the observers' overall assessments were in agreement on 80% of the cases, 74 out of 93. During analysis of our observers' impressions, it became apparent that in every case that an observer identified three or more ECS imaging criteria, they would also make an overall assessment of ECS positive. This occurred in about one third of all cases in our cohort, and of these cases in which three or more imaging criteria were identified about 86% had histopathological ECS. Correlation of the presence of three or more ECS imaging criteria with histopathological findings resulted in a higher specificity and PPV than overall observer ECS assessment. Recent studies have examined the diagnostic accuracy of CT for ECS in patients with metastatic HNSCC, and are summarized in Table 6 . Several of these studies demonstrate greater specificities than sensitivity for utilizing preoperative CT to identify ECS in HNSCC patients. Url et al. demonstrated specificities of 91% with sensitivities around 70%, by employing stringent imaging criteria including fat and soft tissue infiltration or infiltration of the sternocleidomastoid muscles, internal jugular vein or carotid artery.
14 Our study employed these and additional criteria for qualifying nodal architecture, such as central necrosis, indistinct margins, and irregular nodal enhancement. Souter et al. found specificities of 91% and 90%, with sensitivities of 66% and 80% and concluded that preoperative 
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The Neuroradiology Journal 30 (3) radiological CT detection is applicable for informing patients, planning adjuvant treatment, and management guidance. 15 King et al. also found high specificity with poor sensitivity by employing similar ECS imaging criteria. 16 Prabhu et al. also demonstrated high specificity and low sensitivity, and found that CT performance improved directly with the histopathological severity of ECS. 17 Similarly, our specificity and PPV improved when three or more ECS criteria were present. These results indicate that when compelling evidence exists on CT, such as gross invasion of adjacent structures, that these findings can be communicated to the patient care team as concerning for ECS, which may prove useful for preoperative management decisions. In contrast, an assessment of ECS by CT without compelling evidence, such as only a single ECS criterion finding, will result in higher false positive rates, which could negatively impact outcomes.
Compared to other studies included in Table 6 , our observers had relatively lower sensitivity, particularly observer 1. One possible cause is that central necrosis was not as convincing to observer 1. There were four cases in which observer 1 identified central necrosis as the only ECS imaging criteria and made an overall false negative ECS assessment. In the same four cases observer 2 identified multiple ECS criteria including central necrosis and made an overall true positive ECS assessment. This disagreement exemplifies that between observers there are varying degrees of threshold for assessing nodal characteristics. Varying degrees of assessment threshold between our observers and between observers in other studies may contribute to our lower sensitivity. Also, our observers assessed for five ECS imaging criteria and offered an overall impression, while observers in other studies assessed for fewer criteria. When our observers detected only one or two imaging criteria, they simultaneously acknowledged that a greater proportion of ECS criteria were absent. A greater number of criteria being assessed allows for a greater proportion of absent findings to prompt a false negative overall assessment and lower sensitivity. Other studies assessed for fewer imaging criteria, which decreases the potential for a proportional influence.
Our sensitivity was also reduced by microscopic ECS. Prabhu et al. found that the sensitivity of CT detection of ECS was 18.8% when the extent of histopathological ECS from the capsule was less than or equal to 1 mm, and that sensitivity and accuracy improved as the extent increased more than 1 mm. 17 Figure 1(c) depicts a case in our cohort in which the microscopic extent of ECS was imperceptible to our observers, and a false negative assessment was made. It is possible that our study included a greater proportion of microscopic ECS compared to other studies, which would reduce the sensitivity and increased false negative rates. In consideration of false positives, Figure 1 (d) depicts a case in our cohort in which multiple abnormal imaging findings were identified; however, histopathological assessment of ECS was negative. It is conceivable that histopathological assessment may not have detected ECS that was actually present. Another possibility is that the findings of ECS imaging criteria may be generated by processes other than ECS, and prompt a false positive overall ECS assessment. These processes could hypothetically include benign perinodal inflammation, vascular or lymphatic compression by mass effect, or central necrosis with preserved capsular integrity. In spite of potentially confounding processes, the high specificity demonstrated by our study and studies referenced in Table 6 indicate that false positives are rare when there is compelling findings to suggest ECS.
A study by Chai et al. used similar methods and criteria for assessing ECS status with preoperative CT. 18 One of their observer's results did not follow the sensitivity and specificity trends as in other studies, while the other observer's results demonstrated high specificity and low sensitivity. Consequently, they found low interobserver agreement for overall ECS assessment and for imaging criteria, and their study concluded that CT assessment for ECS should not impact management. A subsequent study by Maxwell et al. assessed the accuracy of CT ECS assessment in a p16-positive HNSCC patient. 19 One observer demonstrated sensitivity and specificity of CT ECS assessment comparable to the trends in other studies, while the observer had lower specificity and higher sensitivity. In both studies, differences in interobserver results can be accounted for by differences in observer thresholds for ECS assessment, which reciprocally affected PPV and the false positive rate.
In our study, interobserver agreement for overall ECS assessment was moderate, with a kappa value of 0.59. Prior studies also employed Cohen's kappa for the measurement of interobserver agreement regarding ECS assessment using preoperative CT, as seen in Table 6 . The variability in interobserver agreement between studies represents the current subjectivity in radiological ECS assessment. In an attempt to generate objectivity in ECS assessment, we evaluated the interobserver agreement for five traditional CT ECS imaging criteria. Our results demonstrated substantial agreement for central necrosis. A study by Randall et al. also found substantial interobserver agreement on central nodal necrosis, with a kappa of 0.72, and their interobserver agreement for overall ECS presence was also moderate, with a kappa of 0.49. 20 Their results and ours reiterate that substantial interobserver agreement exists among neuroradiologists regarding CT assessment of central necrosis. Of note, both Randall et al. and Aiken et al. found that central necrosis was the best predictor of ECS among multiple other ECS imaging criteria. 21 Aside from central necrosis, our interobserver agreement for other traditionally accepted CT features of ECS was at best moderate. Indistinct nodal margins and irregular nodal enhancement had the lowest interrater agreement and these criteria are not highly specific for ECS. The low interobserver agreement for these features further argues that these ECS criteria findings exclusively are not reliable for accurate reproducible ECS assessment.
There are multiple apparent limitations to our study. This was a retrospective study, which generates selection bias. In an attempt to minimize this bias, patients were selected on a chronological basis, and the list of images provided to the observers had been randomly assigned by date. Future prospective cohort studies are indicated to lessen this bias. In our study there was no attempt to correlate the exact nodes assessed by CT with nodes described in histopathological examination. However, eliminating this limitation would prove very difficult as during neck dissection tissue architecture and nodal arrangement is often altered and after histopathological processing the configuration of the nodes would be different than in situ. Another limitation in our study was that CT imaging was performed within 8 weeks prior to neck dissection. This time frame was chosen to minimize the potential for ECS to develop between imaging and operation, and to maximize sample size. It is possible that ECS could develop within 8 weeks from imaging to dissection. Future studies with shorter time frames from imaging to surgery would lessen this confounding element. Regarding the identification of ECS radiological criteria, there is not a defined standard for assessing the imaging criteria, which explains the variable interobserver agreements in our study as well as in others. Objective definitions for determining the presence of ECS imaging criteria would allow for increased interobserver agreement.
With regard to the prognostic value of ECS, recent studies have examined the prognostic value of ECS for patients with specifically oropharyngeal HNSCC. Sinha et al. found that ECS was not a prognostic indicator for a cohort of 152 patients with p16-positive oropharyngeal carcinoma, regardless of adjuvant therapy. 22 Furthermore, Maxwell et al. found that in a cohort of 133 patients with oropharyngeal HNSCC, disease-specific survival was not associated with ECS status. 23 Of note, in the same study, disease-specific survival was confirmed to be worse for patients with oral cavity HNSCC who had metastatic ECS in cervical lymph nodes. Based on the results of these studies, preoperative management considerations of CT assessment of ECS for patients with oropharyngeal HNSCC may not be warranted.
In all of the aforementioned studies, as well as ours, histopathological assessment of neck dissection specimens served as the standard. Brekel et al. demonstrated that interobserver agreement of histopathological ECS assessment was wide ranging, with kappas of 0.14-0.75. 24 Given the histopathological assessment variability and HNSCC subgroup differences in ECS prognostic value, a study that examines the prognostic value of CT ECS assessment alone, and in correlation with histopathology, would further define the role of ESC assessment of preoperative CT in HNSCC management.
Conclusion
Intravenous contrast-enhanced CT imaging for the purpose of identifying ECS in positive cervical nodes for HNSCC has moderate specificity. The identification of three or more radiological criteria raises specificity and PPV, suggesting that CT performance is dependent on the severity of actual ECS. Interobserver agreement is moderate for overall ECS assessment and substantial for central necrosis. Interobserver agreement for indistinct nodal margins, infiltration into adjacent tissues, irregular nodal enhancement, and matted nodes is moderate at best, therefore these features should not be used individually as criteria for detecting ECS by CT.
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